An experiment was conducted at Research Station, State Board for Seeds Testing and Certification, Baghdad, Iraq during 2015-2016 and 2016-2017 seasons to determine the effect of six seeding rates (80, 100, 120, 140, 160, and 180 kg ha -1 ) on yield and quality of three wheat cultivars (Bohooth 22, Bohooth 158, and Rasheed). The experiment was laid out in Randomized Complete Blocks Design (RCBD) with split plots arrangement placing seeding rates in main plots and cultivars in sub-plots with three replicates. Seeding rate 140 kg ha -1 gave highest grain yield (4.95 and 4.99 t ha -1 ) for both seasons, respectively. Seeding rate 80 kg ha -1 gave highest protein content (13.95% and 13.68%) and gluten (34.46% and 32.95%) for both seasons, respectively. Seeding rate of 140 kg ha -1 gave the highest protein yield (618.60 kg ha -1 ) during the first season, while seeding rate of 120 kg ha -1 gave the highest yield in this trait (621.02 kg ha -1 ) during the second season. Rasheed cultivar plants produced highest grain yield (4.77 and 4.89 t ha -1 ), whereas Bohooth 158 plants recorded highest protein content (13.13% and 13.28%) and gluten (34.85% and 33.21%) for both seasons, respectively. So, it's recommended to cultivate the three studied wheat cultivars at seeding rate 140 kg ha -1 to obtain highest grain yield, whereas seeding rate 80 kg ha -1 is the best to get the highest protein and gluten content.
INTRODUCTION
Wheat (Triticum aestivum L.) is one of the most important cereal crops used as a food all over the world. It ranks first in the world's cereal production and is a staple food for approximately one third of the world's population [1] . The grain contains about 60-80% carbohydrates, 8-15% protein, 1.5-2% fat, 1.5-2% inorganic ions, and vitamins (B complex and E) in small amounts [2] . Wheat grain quality is a complex trait resulting from the interaction between several protein components. It has been observed that the grains quality is a function of grain composition predominantly in proteins, which in turn depends on many factors [3] . Wheat is the main strategic crop in Iraq, and the date of its cultivation extends to several thousand years since the emergence of the first communities in the world. The harvested area during 2014 winter season was estimated 2109455 ha, whereas the average yield per hectare for the same season was estimated 2396.4 kg ha -1 on the basis of the total harvested area [4] . Despite this, Iraq has faced a large and expanding deficit in the production of this crop, especially during the past three decades, and in order to overcome the deficit, several million tons of wheat grains were imported every year, which was a burden on the country budget. The reasons behind this deficit might be due to poor crop management, including seeding rates and the use of old cultivars. For achieving high yield and quality of wheat, it is necessary to use all the cultural practices completely and on time and adapt them to cultivars [5] . So, the aim of this study was to determine the effect of different seeding rates on the grain yield and quality of three bread wheat cultivars.
MATERIALS AND METHODS
A field experiment was carried out at Abu-Ghuraib Research Station, State Board for Seeds Testing and Certification, Ministry of Agriculture, Baghdad, Iraq during the winter season of the years 2015/2016 and 2016/2017 to determine the effect of six seeding rates on yield and quality of three bread wheat cultivars. The experiment was laid out according to randomized complete blocks design having split plot arrangements with three replicates. Seeding rates (80, 100, 120, 140, 160, and 180 kg ha -1 )data were analyzed statistically by using statistical software package Genstat version (12) . The least significant differences (L.S.D) at the level of 0.05 probability was employed to compare the differences among the treatment means [8] . The studied traits are:
• Grain yield (t ha -1 ): At maturity, one square meter was harvested manually from each plot. Spikes were threshed manually and grains were separated and weighed. Then the grain yield was converted into tons per hectare. The moisture equation below was used to measure the moisture of harvested grains. The weight was then converted to one ton [9] :
Y (M2) = grain weight at the level to be measured (14%). Y (M1) = grain weight at actual moisture level (moisture level at harvest). M1 = the actual percentage of moisture. M2 = required percentage of moisture.
• Protein content in grains (%): Total nitrogen content in grains was estimated using Kernelyzer-M apparatus from Brabender (Germany) which belongs to the Agricultural Researches OfficeMinistry of Agriculture.
•
Gluten content in grains (%): gluten is estimated using the same device used to estimate the protein content in grains.
• Protein yield (kg ha -1 ): estimated according to the following equation: Protein yield (kg ha -1 ) = grain yield (kg ha -1 ) × percentage of protein in grains
RESULTS AND DISCUSSION

Grain yield (t ha -1 )
Data in Table 1 show that the effect of seeding rates, cultivars, and their interaction on this trait was significant for both seasons. Grain yield increased with increasing seeding rates from 80 to 140 kg ha -1 which recorded highest grain yield (4.95 and 4.99 t ha -1 ), then followed with a decrease till the seeding rate 180 kg ha -1 which gave the lowest yield (3.84 and 3.97 t ha -1 ) for both seasons, respectively. The highest grain yield recorded with plants sown at seeding rate 140 kg ha -1 might be due the superiority of the plants sown at this seeding rate in some growth and yield traits compared to other seeding rates (unpublished data).
It is clear from Table 1 
Protein content (%)
Data in Table 2 show that the effect of seeding rates, cultivars and their interaction was significant on this trait for both seasons. There was a decrease in the means of this trait with increasing seeding rates. Seeding rate of 80 kg ha -1 gave the highest protein content (13.95% and 13.68%), whereas lowest means for the same trait were recorded with seeding rate 180 kg ha -1 (11.76% and 11.62%) for both seasons, respectively.
This decrease in protein content with increasing seeding rates might be due to the high competition between plants in the unit area for nutrients (the most important of which is nitrogen), as well as light, causing a decrease in the protein content due to the lack of necessary assimilates to form the protein compared to the low seeding rates, and consequently an increase in the percentage of this trait. The result of this study was in agreement with those obtained and found that the increase in seeding rates caused a decrease in protein content [10, 11] .
The cultivars significantly differed in this trait. Bohooth 158 recorded the highest percentage of protein (13.13% and 13.28%), while Rasheed cultivar recorded the lowest percentage (12.41% and 12.20%) for both study seasons, respectively.
It is noted that Rasheed cultivar, which achieved the highest percentage of grain yield in this study, is the same that gave the lowest percentage of this trait, whereas the highest percentage of the same trait was recorded with Bohooth 158 cultivar, which gave the lowest grain yield. The reason for the difference between cultivars might be due to the variation in their competition on various growth factors at different seeding rates, (nitrogen is considered the most important factor, because it is the basic component of protein) [12] . 
Wet gluten percentage )%(
The data in Table 3 show a significant effect of seeding rates, cultivars and their interaction on the percentage of wet gluten for both seasons. The percentage of this trait decreased with increasing seeding rates during both seasons. Seeding rate 80 kg ha -1 , recorded the highest percentage of wet gluten (34.46% and 32.95%), while seeding rate 180 kg ha -1 gave the lowest percentage of the same trait (31.07% and 29.67%) for both seasons, respectively. The reason for the decrease in this trait with increasing seeding rates might be due to the increased competition among plants at high seeding rates for nutrients and light, which caused a decrease in the percentage of nitrogen in the green parts of the plants at different growth stages during both seasons, resulting in a decrease in the percentage of wet protein, and consequently a decrease in gluten percentage which is considered the largest component of protein.
Regarding cultivars, Bohooth 158 was superior in this trait and recorded the highest percentage of wet gluten (34.85% and 33.21%), whereas Rasheed cultivar plants recorded the lowest percentage of the same trait (31.27% and 29.72%) for both seasons, respectively. In regard to the effect of interaction between seeding rates and cultivars on this trait, the cultivar Bohooth 158 gave the highest percentage (36.43% and 35.08%) with seeding rate 80 kg ha -1 , while the lowest percentage was with Rasheed plants when sown at seeding rate 180 kg ha -1 (29.44% and 28.00%) for both seasons, respectively. 
RECOMMENDATIONS
It is recommended to plant wheat at a seeding rate 140 kg ha -1 to obtain highest yield of grains, while the seeding rate 80 kg ha -1 is the best to get highest percentage of protein and gluten in the grains.
